The lemmas and paleas of individual barley grains were detached and the amount of fungal mycelium present was determined by direct microscopic observation. The area in which mycelium was present varied from 19-7 to 87.7 yo of the lemma, and from 44'2 to 92.8% of the palea. The total estimated length of mycelium observed varied from 19 to 177 cm. in individual grains. It is suggested that these lengths represented dry weights of mycelium of the order of I -5 to I -9 pg. in individual grains. The indirect fluorescent antibody technique was used to determine the extent of Penicillium cyclopiupn mycelium. The area in which this species, predominant in plate cultures, was present did not exceed 22.7 yo of the lemma, and no more than 17-2 yo of the palea. The results indicated that this technique is useful in the detection and estimation of individual species in barley grains and that it might be of use in other plant disease studies.
I N T R O D U C T I O N
There are many reports of the presence of fungi in grains of barley (Machacek, Cherewick, Mead & Broadfoot, 1951; Tuite & Christensen, 1955; Clarke, Hill & Niles, 1966; Flannigan, 1969 ; Mulinge, & Chesters, 1970~) . The production of biologically active compounds by a number of these fungi (Brook & White, 1966 ) is of considerable importance because of their toxic effects in many animal species. Precise biochemical techniques have been developed for the isolation and identification of such compounds. In contrast, the techniques currently available for the estimation of fungal mycelium in infected plant tissue are very imprecise.
The morphological form of the fungi present in grains of cereal plants, with its mycelial and spore components, has led to the development of a range of techniques for their estimation. A chemical technique for comparing fungal development in different samples of grains of wheat was described by Golubchuk, Cuendet & Geddes (1960) . It was based on the fact that chitin, which breaks down to glucosamine on acid hydrolysis, is an important wall component of most fungi but not of higher plants. A similar approach has been outlined by Ride & Drysdale (1969) for glucosamine estimation in hydrolysates of infected plant tissues. It is not possible to determine the mass of fungal mycelium by means of these techniques because of possible variation in the composition of the cell walls.
Quantitative studies on the fungi present have been made almost exclusively by plate culture techniques. The mould counts obtained from the techniques described by Christensen (1957) enable the spore component of the fungal population to be estimated, and the plate culture techniques described by Flannigan (1969) were devised to determine the range of fungi present and, to a limited extent, their location, but none of these gives an assessment of the amount of internal mycelium present. It is this mycelial component, potentially capable of toxin production, which is of major importance.
Hyde (1950) provided direct evidence of the presence of fungal mycelium within wheat grains and the first attempt to develop a direct observation technique for estimation of the amount of fungal mycelium present. In a detailed study of the location of the internal mycelium in barley grains Warnock & Preece (I 97 I) described an assessment technique, based on the number of observations of 'hyphal units' in serial sections of individual barley grains, which enabled the amount of mycelium present in the different histological layers to be estimated by direct observation.
There are certain similarities between the techniques adopted for the assessment of fungal growth in grains of cereal plants and those for the assessment of fungal growth in soil. Nicholas & Parkinson (I 967) attempted an analysis of direct observation techniques for assessing fungal growth in soil. They concluded that, although all available techniques had imperfections, the agar film technique (Jones & Mollison, 1948) was least prone to experimental and observational error.
Critical identification of fungal mycelium is not possible using the direct observation techniques so far described, but the development of the fluorescent antibody technique has enabled morphologically similar species to be differentiated. Using this technique Beno & Allen (I 964) successfully identified germinated uredospores of Puccinia sorghi, Kumar & Patton (1964) detected the presence of Polyporus tomentosus in infected pine roots, Burrell, Clayton, Gallegly & Lilly (I 966) differentiated between three Phytophthora species, Amos & Burrell (1967) The techniques so far described give only comparative assessments of the extent of fungal development in grains of barley and wheat. This paper describes the use of direct observation techniques to estimate the extent of fungal development and the length of fungal mycelium in barley grains. The preparation of an antiserum to Penicillium cyclopiurn mycelium and its use in the detection and estimation of this species in grains of barley is also described.
METHODS
Two samples of barley grains were studied. The predominant fungi isolated in culture from sample v 9725 were Aspergillus species including Aspergillus glaucus (82 %) and A.
-fumigatus (41 yo) and Penicillium species including Penicillium cyclopium (98 yo). The predominant fungi isolated from sample v I 894 were Aspergillus species including A. jlavus (94 70) and A . glaucus ( IOO yo).
Whole barley grains were immersed in 5 yo sodium hydroxide solution (Simmonds, I 946)
at 80" for 5 min. The lemma and palea of each grain were then detached, rinsed in distilled water, stained in a saturated solution of acid fuchsin in lactophenol for several minutes, rinsed and mounted in lactophenol. The entire area of each detached lemma and palea was examined to determine the amount of fungal mycelium present. The size of sampling unit used was the microscope field size at x 400 magnification.
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Assay of mycelium in grains of barley Antigen preparation
Penicillium cyclopium was isolated in pure culture from barley grains (sample v 9725) and was produced in bulk in the inorganic liquid culture medium described by Burrell et al. (1966) . The liquid cultures were incubated at 20' for I week. The mycelium was filtered off from the culture medium, rinsed with sterile 0.85 % saline and dried. The dry weight of a sample of the mycelium was determined, and mycelial suspensions were produced as described by Preece & Cooper (1969) . Sterile 0.85 % saline was added to the suspensions to give a final concentration of I mg. dry wt mycelium/3 ml. suspension. The mycelial suspensions were then centrifuged at 5000 rev./min. for 10 min. to separate the soluble and particulate fractions. The soluble fraction was used as the antigen for immunization.
Antibody production
Rabbits were injected with 1.5 ml. mycelial suspension by the intravenous route at I week intervals for 4 weeks. The rabbits were rested for 2 weeks following the final injections before blood samples were taken from the ear vein. Antibody production was determined by agglutination tests which gave a maximum titre of 1/1280. Agar gel diffusion plates were prepared using the procedure described by Gooding (I 966). Positive results were obtained with undiluted serum and serum diluted I in 2 and I in 4. Final bleedings were made during the third week after the last injections, by bleeding from the ear vein under reduced pressure (Sandiford, I 965). All blood samples were refrigerated overnight, centrifuged, and the serum separated and stored at -20'.
Indirect fluorescent antibody technique
Whole barley grains (sample v 9725) were incubated for 48 h. in a moist atmosphere. The lemma and palea of each grain were then detached, rinsed in sterile distilled water, and immersed in unconjugated whole antiserum for 30 min. at 37". The plant tissue was then rinsed for TO min. in two changes of phosphate buffered saline (Nairn, 1969 )~ immersed in commercially available fluorescein-labelled antirabbit globulin for 30 min. at 37", again rinsed for 10 min. in two changes of phosphate-buffered saline, mounted in buffered glycerol (Nairn, 1969) , and examined on a microscope equipped with ultraviolet illumination and a bright field condenser. A 5 mm. BG12 primary filter and a barrier filter combination of 1-5 mm. OG 5 plus 1-5 mm. GC9 plus 1-5 mm. blank gave good results.
RESULTS
The amount of fungal mycelium present was first estimated by counting the number of sampling units of each lemma and palea in which mycelium was present or absent. From these figures it was possible to calculate the yo presence of mycelium and to derive a simple comparative assessment of the amount of mycelium in two samples of barley grains ( Table I) . The distribution of mycelium in an individual lemma and palea is illustrated in Fig. I . The area in which mycelium was present varied from I 9 7 to 87-7 yo of the lemma and from 44.2 to 92.8 yo of the palea. This assessment technique is not very sensitive since it is based only on the presence or absence of mycelium and does not take into account the density of mycelium in the individual sampling units. The sensitivity of this technique could be increased by using smaller sampling units, thus giving a lower value for regions with a high density of mycelium. This would also result in a reduction in the values obtained from regions with a lower density of mycelium, and would entail the examination of a larger number of sampling units. Estimated length of fungal mycelium The length of fungal mycelium in each sampling unit was estimated by means of the logarithmic assessment scale illustrated in Fig. 2 . The figures for the mean length of mycelium in each assessment class were derived from measurement of the lengths of mycelium illustrated in Fig. 2 .
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In order to estimate the length of mycelium in an individual lemma or palea, the number of sampling units observed which corresponded with each of the assessment classes was counted ( Table 2) . By multiplying the number of sampling units in each class, for each lemma or palea, by the mean length of mycelium in each assessment class (class I, 0430 mm. ; class 2, 3-20 mm.; class 3, 7-20 mm.) it was possible to estimate the length of mycelium present ( Table 3) .
The lengths of mycelium observed in the two samples varied from 19-28 to 177.00 cm. ( 2 ) Failure to observe all the mycelium that is present. It is possible that not all the mycelium present was readily visible after staining with acid fuchsin. The failure to observe all this mycelium will have affected the final estimates of the length of mycelium present.
Estimation of the mycelium of Penicillium cyclopium by means of the indirect fluorescent antibody technique
The entire area of each lemma and palea was examined to determine the amount of mycelium of Penicillium cyclopium present. The size of sampling unit used was the microscope field size at x IOO magnification. The amount was estimated by counting the number of sampling units of each lemma and palea in which specific fluorescent stained mycelium was absent or present. The sensitivity of this assessment was improved by dividing each samp- ling unit into four parts of equal size and counting the number of these parts in which mycelium of P. cyclopium was absent or present. From these figures it was possible to derive an estimate of the :(, presence of mycelium of Penicillium cyclopium in individual lemmas and paleas. The reliability of the indirect fluorescent antibody technique was checked by repeating the experiment with a second sample of 10 grains of barley (v 9725). A comparison of the results of these two experiments in terms of the yo presence of P. cyclopium mycelium is shown in Table 4 . other fungal species did not appear to react with the P. cyclopium antiserum. Tissue autofluorescence was only a minor problem, but there was some non-specific adsorption of the fluorescein-labelled antirabbit globulin by the plant tissue.
DISCUSSION
It has been observed (Tuite & Christensen, 1955; Warnock & Preece, 1971) that fungal mycelium is present not only in the parenchyma layer of the lemma and palea, but also in the pericarp layer of the caryopsis itself. However, it was found that when the lemma and palea were detached from the grain, very few hyphae remained attached to the pericarp layer of the caryopsis and it may therefore be assumed that the figures presented here were not subject to this possible source of error.
No experimental technique has yet been developed which enables the dry weight of mycelium in grains of cereal plants to be determined. However, it was possible to derive this from the above estimated lengths of mycelium by the following formula:
Estimated wet wt of = Total estimated length of mycelium (cm.) x Relative density of
In order to make this calculation, two factors must be determined.
( I ) Mean cross-section area of.fungal hyphae. The mean hyphal diameter (50 observations) was 5 pm., whence mean hyphal cross-section area = 3,142 x 6.25 x I O -~ cm2.
(2) Relative density of-fungal mycelium. This was determined from a series of 10 measurements of the mass and volume of mycelium from liquid cultures as 1.34.
The formula was then used to derive estimates of the wet weight of mycelium in individual grains of barley which in grains of sample v 9725 was of the order of 15-75 pg. and in grains of sample v 1894 was 19-54 pg. Assuming that the dry weight of the mycelium is approximately 10 yo of the estimated wet weight, the mean dry weight of fungal mycelium in the two samples studied was of the order of 1.5 to 1 -9 pg. in the individual grains.
Critical identification of the internal mycelium was not possible by means of the acid fuchsin staining technique described here. The fluorescent antibody technique enabled the mycelium of an individual fungal species, Penicillium cyclopium, to be identified and its extent to be estimated. Although P. cyclopium was one of the predominant fungi isolated in culture, the mean areas of lemma and palea in which this species was present were only 4.0 to 5.0 yo : the mean areas in which mycelium was present was 44-3 74 of the lemma, and 67.3 yo of the palea. Because the activities of different types of mycelium and different parts of the same length of mycelium are not necessarily the same, measurements of the area involved or of the total mycelial length cannot be assumed to give an accurate indication of the metabolic activities of the fungi present. mycelium (g.) mycelium x Mean cross-section area of fungal hyphae.
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